The usability of carrierless amplitude and phase (CAP) modulation dimensions for service and user allocation for WDM optical access is experimentally demonstrated in a 2X2D-ODMA configuration.
Introduction
Next generation access networks (NGAN) needs to supply multiple users with access to multiple services such as voice, data, images and video while sharing the same physical infrastructure in the fiber to the home (FTTH) network.
All-optical 2 dimensional (2D) optical code division multiple access (OCDMA) has been proposed for NGAN for multimedia applications [1] and increased spectral efficiency in FTTH [2] . Due to the limited coding space, incoherent 1 dimensional (lD) optical coding technology (either in time or wavelength domain) is not feasible for future access networks which are required to support a large number of end users. Both 2D and 3 dimensional (3D) encoding techniques require multiple domains to realize optical codes. Therefore, it is difficult to smoothly upgrade the capacity of an access network where 2D or 3D encoders/decoders are employed [2] . In order to overcome this problem the encoder and decoder can be designed in the electrical domain. Orthogonal division multiple access (ODMA) exploring the multiple possible dimensions of carrierless amplitude and phase (CAP) modulation [3] has been proposed for multiple services application. Hybrid OCDMA and wavelength division multiple (WDM) network have been proposed and demonstrated in [4] to significantly improve the system flexibility and performance. Regarding light sources for optical access, directly modulated vertical cavity surface emitting lasers (DM-VCSELs) have emerged as an attractive solution due to the cost effective production and low modulation voltage.
In this paper, we propose what we believe is the first experimental demonstration 2x2D-ODMA configuration in WDM access network. We believe this new concepts can be implemented in WDM networks in an elegant way by utilizing the orthogonal CAP filters are designed in digital domain. Moreover the higher dimensionality ODMA is able to support multiple services without requiring additional domains in the optical link.
Principle of ODMA
Code division multiple access (CDMA) has been introduced in wireless communication. ODMA can be classified under the CDMA concept, with orthogonality imposed on the set of signals. The ODMA concepts have been proposed for higher dimensionality CAP in bicipital subscriber line (DSL) application [3] . CAP is a multi-dimensional multi level signal employing orthogonal waveforms; one for each dimension. These waveforms are obtained from frequency domain filters with orthogonal impulse responses. The orthogonal waveforms are generated by using an optimization algorithm (OA) [5] . To avoid inter-dimensional crosstalk, it is vital that the transmitter-receiver (transceiver) filter combinations satisfy the orthogonality or perfect reconstruction (PR) criteria. Fig. I(a) shows the cross responses of the four orthogonal transceiver filters for four dimensional (4D)-CAP. The transceiver filters combination satisfies the orthogonality or PR criteria. The transmitter is represented by iN and the receiver is represented by gN. The impulse only exists at the cross responses of it and gl, hand g2, hand g3, i4 and g4· At the receiver, the inversion of the transmission filter is implemented to retrieve the original sequence of symbols. The symbols are down sampled and demapped before the data can be recovered. Transmission quality is assessed using receiver sensitivity at a BER of 2.8 x 10-3 , since forward error correction (FEC) techniques may be applied to obtain error free transmission when the 7% of FEC overhead are taken into account. The bits/symbol, total levels, upsampling factor, bit rates, bandwidth, spectral efficiency and sampling rate relationship of the total 2x2D-ODMA at different levels per dimension (LID) are listed in Ta ble l. The solid symbols represent optical back to back (B2B) and the hollow symbols represent 20 Ian SSMF transmission.
Results
For 2D-2LID for B2B, the receiver sensitivity at the FEC threshold for ONUI is -20.1 dBm and -19.9 dBm at ONU2.
After 20 Ian SSMF transmission, the performance is similar for both RNs with the receiver sensitivity of -19.6 dBm.
The signals are successfully demodulated below the FEC limit after 20 Ian SSMF transmission. This can be clearly Received Optical Pov-.er (dBm) 
Conclusions
We propose and experimentally demonstrate the 2x2D-ODMAlWDM network with DM-VCSEL over 20 km SSMF.
Both signals are successfully demodulated below the FEC threshold. The spectral efficiency for 4-LID is 2.08 bits/s/Hz with bit rate of 833.3 MHz is presented in this work. The flexibility of the 4D-CAP in dividing the dimensions in the optical fiber systems is successfully demonstrated. This result indicates the prospects of combining the ODMA in WDM network for service and user allocation in next generation access network. Furthermore, the orthogonal FIR filters are designed in digital domain which can be an alternative solution for higher dimensionality OCDMA which requires multiple domains coding.
